INTRODUCTION
Knowledge of the characteristics of natural resources in areas where are developed activities related to the environment is a fundamental condition for the sustainable use of these resources. In these, the soil occupies a prominent position, because it is expression of environmental factors related their formation (Buol et al., 2003) . In areas for Environmental Conservation Unit, soil characterization constitutes a subsidy for planning in order to optimize the use of this resource within the inherent activities to these places. In the Porto Alegre Botanical Garden (JB-PoA), site where are carried out research activities of flora of the Rio Grande do Sul State (RS), environmental education, leisure and recreation, there are no detailed studies that investigate the soil characteristics of park associated with their formation environment.
In the city of Porto Alegre, preliminary soil survey (Schneider et al., 2008) identified, according to 478 Ciênc. Agrotec., Lavras, v. 39, n. 5, p. 477-487, set./out., 2015 Brazilian System of Soil Classification (EMBRAPA, 2013) , the occurrence of Argissolo on top and slope of hills with gently sloping relief; Cambissolo and Neossolo in granitic hills with moderately steep and steep relief; and Hydromorphic/Aluvial soils in low and floodplain areas. The steep relief of hill areas contributes to the formation of thinner soil and chemical characteristics which reflect a low weathering degree (Medeiros et al., 2013) .
The insertion area of JB-PoA shows smooth relief and less steep than hill areas of Porto Alegre. The geomorphic characteristics indicate an area with knoll forms, with flat or convex summit positions, and more gentle slopes in relation to hill areas (Moura; Dias, 2012) . These features are reflected in major water infiltration, resulting in deeply weathered soil profiles. Based on this knowledge, the hypothesis is that specific characteristics of relief and parent material of the study area imply in similarities with hill areas, but with formation processes in greater definition and intensity, resulting in soils with high degree of pedogenetic development. The objectives were: characterize and classify the representative soil profiles of the occurrence of taxonomic units in the JBPoA, according to Brazilian System of Soil Classification (EMBRAPA, 2013) and the Soil Taxonomy (Soil Survey Staff, 2010) ; and indicate the influence of soilenvironment relationship, through soil forming process of JB-PoA.
MATERIAL AND METHODS
The Porto Alegre Botanical Garden (JB-PoA) covers an area of 39 hectares, limited to the coordinates 30°02'51" and 30°03'20" (S) -51°10'19" and 51°10'51" (W) in the urban area of Porto Alegre (FZB, 2009 ). The weather is humid subtropical with a long-term average annual temperature of 19.5 °C and long-term average annual rainfall of 1,300 mm, with rainfall well distributed throughout the year. The long-term annual effective rainfall (precipitation minus evapotranspiration) is 430 mm (SEMA, 2010) . The parent material is composed of "Gnaisse Porto Alegre" and "Alterito Serra de Tapes". The gneiss has dark color to black, with quartz, feldspars and biotite composition. The alterite was formed from coluvial deposits, consisting of kaolinite and iron oxides (Schneider et al., 2008) . The local relief consists in smooth hills, with influence of aluvial terraces of the "Arroio Dilúvio".
To study the soil genesis were selected four profiles (Figure 1) , located in the summit-shoulder transition (P1), sloping from 13 to 15%; backslope (P2), sloping from 18 to 20%; footslope (P3), sloping from 0 to 2%; toeslope (P4), sloping from 2 to 3%.
The trenches were opened to the description of the main pedogenetic horizons of the soil, according to methodology described by Santos et al. (2005) . Horizons Bt3 (P1), Cr2 and Cr3 (P2), Btg2 (P3) and Cg2 (P4), were collected by auger. The soil samples were dried, ground and sieved in mesh 2 mm for separation of fine earth fraction dried in air (TFSA). Ciênc. Agrotec., Lavras, v. 39, n. 5, p. 477-487, set./out., 2015 The granulometric distribution and clay dispersed in water were determined according to EMBRAPA (1997) , while the fine clay fraction (< 0.2 µm) according to method of Jackson (1956) . With these data were calculated the fine clay/total clay relationship (Claf/Cla) and soil flocculation (SoF). To identify possible lithologic discontinuities in the soil profiles were calculated fine sand/total sand relationship (FS/TS) and the uniformity value (VU) (Schaetzl, 1998) .
In ) and the organic carbon content were determined according to EMBRAPA (1997) . Were calculated cation exchange capacity (CEC), clay fraction activity (CFA) and base saturation (V). The sulfuric attack was carried out to quantify the Fe 2 O 3 , Al 2 O 3 and SiO 2 constituents of clay minerals (EMBRAPA, 1997) . Selective dissolutions were performed to iron oxides with dithionite-citrate-bicarbonate (DCB) at 80 °C by Mehra and Jackson (1960) , and ammonium oxalate (OXA) according to Schwertmann (1964) to determine the Fe and Al content in pedogenic oxides (Fed; Ald) and low crystallinity (Feo, Alo). The content of the elements Fe, Si and Al was determined by atomic absorption spectroscopy. With these data were calculated Ki index, Fed/Fes and Feo/Fed relationships, used to evaluate the soil weathering stage and the crystallinity degree of oxides Curi; Marques, 2009) .
Mineralogical composition was determined by X-ray diffractometry analysis, conducted in sand, silt and clay granulometric fractions, with a Bruker-D2 Phaser equipment in non-oriented blades (powder samples). The samples were irradiated in the range from 4 to 40° 2θ, with a scan rate of 2° 2θ min -1 . Halite was added as an internal standard for the measurements of the spacings in clay fraction. The results are interpreted according Brindley and Brown (1980) .
RESULTS AND DISCUSSION
The soils developed significant variation of thickness (Table 1) , being observed thicker solum in P1 (Ultic Hapludalf) and P3 (Oxyaquic Hapludalf). The greatest slope (20%) in P2 (Oxic Dystrudept) influenced its low pedogenetic development compared to P1, through the low water infiltration, which resulted lower weathering in depth Curi; Marques, 2009 ). This characteristic of P2 is evidenced by contact with Cr horizon less than 90 cm depth (Figure 2 ). The P4 profile (Humaqueptic Endoaquent) also showed lower development, having contact with the Cg horizon from 40 cm depth, which can be attributed to the stagnant water and lower weathering intensity in this landscape position.
In the profiles of upper portion of the landscape (P1 and P2) there are red and yellow colors (hues between 2.5YR and 7.5YR), which indicates the predominance of crystalline iron oxides as hematite (Fe 2 O 3 ) and goethite (FeOOH) in good to moderate drainage conditions Schwertamnn, 1983) .
In the Bi horizon of P2, the more reddish (2.5YR 4/8) and variegate colors (7.5YR 4/6) in condition of good drainage, indicated a weathered clay matrix, with presence of minerals that have a low stage of weathering (Schneider; Giasson, 2007) . Gray colors in the P3 and P4 profiles suggest the occurrence of anaerobic bacterial activity, which reduces soil oxidized compounds, resulting in low chroma related to iron mobility and occurrence of soil gleization (Ponnamperuma, 1972) .
In the Bt2 horizon of P1, the presence of clay skins coating surface of aggregates and the blocky structure may be related to illuvial clays Libardi, 1999) . The surface horizons of the profiles studied showed weak or moderate structure, small to medium, granular or crumb, condition associated with increase of organic matter on the soil surface. The massive structure in the deeper horizons of P2 (Cr), P3 (Btg1) and P4 (Cg1) shows the little pedogenetic evolution.
The P1 and P3 profiles showed sharp textural gradient (Table 2 ). In the P1 profile, the B/A textural relationship was 1.88, classified as B textural horizon. In the P3 profile, the abrupt textural change between EB and Btg1 horizons, associated with hue 10YR and chroma lower or equal to 3 in the B horizon, classified it as B "plânico" horizon (EMBRAPA, 2013) .
Unlike P1 and P3, the P2 and P4 profiles showed little textural variation between horizons. However, in P2 stood out the clayey texture compared to other landscape profiles, being possible the change in parent material. According to Teramoto, Lepsch and Vidal-Torrado (2001) , marked differences in soil texture on a topographic transect may indicate the variation of parent material.
In all profiles the variation of fine sand/total sand relationship between horizons was lower than 0.14, which combined with uniformity value (VU) lower than 0.60, rule out possibility of lithologic discontinuity between horizons of each profile (Schaetzl, 1998) . The P1 profile showed low soil flocculation in A and AB horizons, favoring the vertical transport of fine clay by water from eluvial A horizon and the deposition in illuvial B horizon, when the pores of smaller size are filled by clay (Almeida; Klamt; Kämpf, 1997; Santos et al., 2010) . Depth, moist Munsell color, texture, structure, moist consistence, waxiness, transition Bt3 102-135+ cm (collected by auger); 5YR 4/6 with small and little mottle 10YR 5/6 (moist); clay loam/clay. Cr3 140-160+ cm (collected by auger); 7.5YR 8/4 (moist); sandy clay/sandy clay loam. Btg2 120-150+ cm (collected by auger); 10YR 6/1 with medium and abundant mottle 10YR 5/8 (moist); clay; firm; very plastic and sticky.
- The occurrence of clay skins in the Bt horizon and increase of fine clay/total clay relationship from A horizon to Bt horizon indicated lessivage of clays in P1. Besides the low soil flocculation be a prerequisite to lessivage, according to Quénard et al. (2011) the translocation of clays is favored in humid weather (when the precipitation is higher than evapotranspiration at least 150 mm) and in planar or sub-planar surfaces. Therefore, the humid weather of Porto Alegre and the location of P1 profile (summit-shoulder transition) in the landscape allow lessivage process.
The soil profiles showed low pH with values lower than 5.5 (Table 3 ). The pH KCl are smaller than 5.0 in all profiles, and in conjunction with negative ΔpH (pH KClpH H 2 O), indicate the absence of "ácrico" character and, therefore, the predominance of negative charges in all profiles (EMBRAPA, 2013). The higher base saturation found in the A and Cg2 horizons of P4 seems indicate the importance of the concave relief in the formation of eutrophic character, with the lateral movement of soluble cations by water flow, towards the upper third for the flood area. The CEC of clay fraction (CFA) of B or C horizons in all profiles was lower than 27 cmolc kg -1 , featuring soils with low clay activity. In the P3 profile, besides the sharp acidity (pH of 4.5 in water) in E and EB horizons, soil CEC is less than 4.0 cmolc kg -1 . According to Brinkman (1970) the soil condition under successive cycles of wetting and drying favors the destruction of clay minerals by pedogenetic process of ferrolysis, resulting in horizons with low pH, low clay content and low soil CEC, these characteristics found in P3. These results are similar to those obtained by Mafra et al. (2001) , noting that ferrolysis is manifested in sharp acidity (pH 3.0 to 4.0) and produces sandy horizons. Also in the Cg1 horizon of P4, low pH (4.4) associated with the lower clay content and exchangeable cations, even as high exchangeable aluminum content, may indicate an initial process of ferrolysis of clays in this profile section. Barbiero et al. (2010) monitored changes in pH and electrical conductivity of soil at different times of the year to explain the occurrence of ferrolysis. During the rainy season, they observed an increase in the pH of soil solution due to reduction reactions that consume H + ions. At the end of the rainy season happened high weathering, resulting in low pH, where oxidation reactions in soil produce H + protons which penetrate the octahedral structure of clay minerals, destabilizing them.
The Fed/Fes relationship in all profiles showed values between 0.53 and 0.98 (Table 4) , which indicates a moderate to advanced weathering for all soils. In the P2 profile, the high Fed/Fes relationship in A, A/B and Bi horizons identifies front of weathering, with clear reduction in this value in Cr1 horizon less weathered. However, the Cr3 horizon showed an increase of Fed/Fes relationship (0.89), highlighting the sudden decrease in Fes content of Cr3. This data allows note small amount of iron in this horizon, which was observed in field descriptions through the light color and low chroma. Smaller values of Fed/Fes relationship in the surface horizons of P3 and P4 are related to lower oxidation environment and subject to lower rates of weathering (Pereira; Anjos, 1999; Santos et al., 2010) .
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Ciênc. Agrotec., Lavras, v. 39, n. 5, p. 477-487, set./out., 2015 The Ki index in all profiles was higher than 3.0, not agreeing with values of low clay activity and Fed/Fes relationship moderate to high, that confirm a moderate to advanced weathering for all soils. An explanation for the high Ki index observed in all profiles is the solubilization of silicon from silt and sand fractions, indicating inadequate extraction method for soils with high quartz content in these fractions (Oliveira, 2011) . The high Ki index in P3 reinforces this hypothesis, given the fact that the silt and sand fractions have significant participation in soil texture. Remarks of this condition were cited in Rolim Neto et al. (2009) , Medeiros et al. (2013) , and Nascimento, Lani and Zoffoli (2013) .
In P1 and P2, the Feo/Fed relationship was equal or less than 0.1, indicating the predominance of crystalline forms such as hematite and goethite (Pereira; Anjos, 1999; Meireles et al., 2012) . This condition is coherent with the soil location in landscape, because they are located in upper positions and good drainage, therefore favorable condition for formation of crystalline oxides.
The higher values of Feo/Fed relationship were observed in P3 and P4, indicating greater participation of low crystallinity iron oxides, which represents an environment with poor drainage and favorable to pedogenetic process of gleization Bigham, 2009 ). In the Btg2 and Cg2 horizons of P3 and P4, respectively, it perceives a decrease of Feo/Fed relationship, indicating greater participation of crystalline forms of iron oxides, which can be attributed to the presence of mottles in these horizons. Duarte et al. (2000) observed these decreasing values in profiles with poor drainage, because the iron minerals precipitated in mottles had higher degree of crystallinity than those located in the soil matrix. In the EB horizon of P3, the high values of Feo/Fed (0.60) and Alo/ Ald (0.50) may be related to the existence of temporary water table in this profile section, with the interference of ferrolysis in the low crystallinity of iron oxides and aluminosilicates, above of the clayey Btg1 horizon (Coelho; Vidal-Torrado, 2003) .
The X-ray diffraction (Figure 3 ) in the sand and silt of P1, P2, P3, and similarly P4 (data not shown) showed the occurrence of feldspar and quartz, with higher occurrence of feldspar in P2. The predominance of kaolinite in the clay fraction of all soils is related to an environment with moderate to advanced weathering, which was confirmed by low clay CEC. The presence of mica reflections in the clay of P2 indicated that the steep position occupied in the landscape (transition to steep slope relief) caused the lower weathering compared to other soils. Ciênc. Agrotec., Lavras, v. 39, n. 5, p. 477-487, set./out., 2015 The P1 profile, with B textural horizon was classified as Argissolo Vermelho-Amarelo Distrófico típico (EMBRAPA, 2013), being classified as Ultic Hapludalf in the Soil Taxonomy (Soil Survey Staff, 2010) . The attributes of P2 profile did not suggest a more developed formation process, and the occurrence of B incipiente horizon was decisive to classify it as Cambissolo Háplico Tb Distrófico típico, being classified as Oxic Dystrudept.
In the P3 profile, the presence of B "plânico" diagnostic horizon, according EMBRAPA (2013), defined the occurrence of Planossolo Háplico Distrófico gleissólico, being classified as Oxyaquic Hapludalf. In the P4 profile, the presence of glei horizon and organic carbon content suitable for A "húmico" horizon (EMBRAPA, 2013), defined as Gleissolo Melânico Tb Eutrófico típico, being classified as Humaqueptic Endoaquent. 
CONCLUSIONS
The soil distribution in the landscape of the Porto Alegre Botanical Garden followed the form observed in hill and knoll areas of Porto Alegre, with major pedogenic development in P1 (depth, soil forming process development), whereas incipient soil development occurred in P2, in condition of steep slope, which was corroborated by high presence of feldspar and mica. It is believed that steep slope implies lower infiltration of water in this landscape position, affecting the clay translocation in depth (non-occurrence of lessivage) or the progress of other soil forming processes.
The good drainage in summit-shoulder transition and backslope, and the sharp hydromorphism in footslope and toeslope positions, showed the influence of the relief forms in the soil genesis, which was corroborated by attributes like soil color and degree of crystallinity of iron oxides. The highest degree of soil weathering was observed in P1 located in upper third of landscape, not in steep slope, which was confirmed by the high Fed/Fes relationship.
The lessivage process could be inferred in P1 by clay skins and increase of fine clay/total clay relationship until the beginning of illuvial horizon; while the ferrolysis and gleization processes were indicated by low pH and high Feo/Fed relationship in E and EB horizons of P3, being the last also present in P4, indicating occurrence of gleization. 
